We report the exclusive photoproduction cross sections for the Σ 0 (1385), Λ(1405), and Λ(1520) in the reactions γ + p → K + + Y * using the CLAS detector for energies from near the respective production thresholds up to a center-of-mass energy W of 2.85 GeV. The differential cross sections are integrated to give the total exclusive cross sections for each hyperon. Comparisons are made to current theoretical models based on the effective Lagrangian approach and fitted to previous data. The accuracy of these models is seen to vary widely. The cross sections for the Λ(1405) region are strikingly different for the Σ + π − , Σ 0 π 0 , and Σ − π + decay channels, indicating the effect of isospin interference, especially at W values close to the threshold. 
I. INTRODUCTION
The Λ(1405) (J P = 1/2 − ), situated just below the NK threshold, has been an enigmatic state in the spectrum of strange baryons for decades. The differential photoproduction cross sections should provide information needed to identify the dynamics that play a significant role in the formation of the Λ(1405), and lead to a deeper understanding of any other structures that populate this mass region. The Λ(1405) sits between two other well-known hyperons, the Σ 0 (1385) (J P = 3/2 + ) and the Λ(1520) (J P = 3/2 − ). Also for these states, photoproduction data have been scarce, and comparison of the three hyperons was not practical until now.
The CLAS measurements reported here are the first to have been made for all three excited hyperon species at the same time with the same apparatus and within the same analysis. A critical comparison of the cross sections for the combined set of hyperons, including the ground states, may yield further insight into their structures. In particular, since the Λ(1405) does not fit quantitatively into quark model estimations of its mass [1, 2] , and since it has always been thought to be strongly influenced by the nearby NK and Σπ thresholds [3, 4] , one might expect differences in the mechanism of its production in comparison to the more typical hyperons.
The outline of this paper is as follows. Section II briefly describes several previous hyperon photoproduction experiments, together with several theoretical models that have been proposed. Section III outlines the setup of the experiment and the steps taken toward cross section extractions. Subsection III A discusses the yield extraction for the Σ 0 (1385) via the Λπ decay mode and Subsection III B discusses the yields of the Λ(1405) and Λ(1520) * Current address:Indiana University, Bloomington, Indiana 47405 † Current address:Siena College, Loudonville, NY 12211 ‡ Current address:Los Alamos National Laboratory, Los Alamos, NM 87544 USA via the three different Σπ decay modes. Subsection III C then discusses the acceptance calculations computed using a Monte Carlo (MC) method, and the photon beam flux normalization. The systematic uncertainties of the cross section results will be discussed in Subsection III D. Section IV shows the results for each hyperon individually, and then compares the hyperons to each other. We recapitulate the main results in Sec. V.
II. PAST EXPERIMENTS AND CURRENT THEORY
For photoproduction of the Σ 0 (1385) on the proton there are total cross section measurements from bubble chamber work by the ABBHHM group [5, 6] and by the CEA group [7] . Preliminary results from CLAS have been presented [8] , but the present analysis is independent of that study, albeit using the same raw data set. In all these measurements the hyperon was reconstructed through its dominant decay to Λπ 0 . Alternatively, the LEPS Collaboration measured γn → K + Σ − (1385) using a deuteron target and detected only the K + and the π − from the hyperon decay to Λπ − [9] . The LEPS result showed a flat angular distribution for cos θ c.m.
K + > 0.6 and an energy dependence that rose from threshold to a wide peak near W = 1.8 GeV. That result was compared with an effective Lagrangian model of Oh et al. [10] in which the dominant contribution came from t-channel K exchange and little from K * . Agreement was at best fair, both for the cross section and for the beam asymmetry. One may expect comparable cross sections in the reaction γp → K + Σ 0 (1385), as will be discussed. We will compare our results for this channel with the same model calculation in Sec. IV A.
For photoproduction of the Λ(1520) there are previous experimental data from Boyarski et al. (SLAC) [11] at E γ = 11 GeV and Barber et al. (LAMP2, Daresbury) [12] at E γ = 2.8 − 4.8 GeV. In more recent times, the LEPS Collaboration has looked at photoproduction of this hyperon in the energy region 1.9 < E γ < 2.8 GeV using a forward-angle spectrometer [13, 14] . They showed that the cross section is forward peaked, and that this behavior is more consistent with a model dominated by a gauge-invariance-preserving contact term [15, 16] , and less consistent with models dominated by t−channel vector meson K * exchange [17, 18] . However, the K * exchange models are more consistent with the results at higher photon energies (Ref. [12] ). The beam asymmetry for the Λ(1520) was found to be small, much smaller than for the ground state Λ, supporting the contact-term model that found K * exchange is not important in the threshold region. Furthermore, it was found that the energy dependence of the forward-angle cross section rises from threshold to a maximum near W = 2.15 GeV, followed by a decline. It was suggested that this could be an effect of an N * intermediate resonance at 2.11 GeV [16] . The results in the present paper cover a broader kinematic range than previous data, and will be compared to the approach in Ref. [16] and also Ref. [19] in Sec. IV.
Additional Λ(1520) photoproduction data close to threshold were published recently by SAPHIR [20] , to be discussed later. Pioneering measurements at Cornell [21] and CEA [22] will not be discussed. There is also a Λ(1520) electroproduction result from CLAS [23] at Q 2 > 0.9 GeV/c 2 that we will not discuss here.
For photoproduction of the Λ(1405) there was very little information up to now. The LEPS Collaboration produced the only significant measurement so far [24] . They estimated that the differential cross section for 0.8 < cos θ c.m. K + < 1.0 and 1.5 < E γ < 2.0 GeV is about 0.4 µb (no error estimate given, but we suppose it to be ∼ 50%). They also reported a steep decrease in Λ(1405) production versus Σ 0 (1385) production in the higher energy range 2.0 < E γ < 2.4 GeV. They speculated that this might be a hint of strong dynamical differences in the production mechanisms. We will consider these findings in Sec. IV C.
Considering recent theoretical approaches, the photoproduction cross section of the Σ 0 (1385) has been studied in an effective Lagrangian model of Oh et al. [10] . They pointed out that since the cross section for this excited hyperon is comparable in size to those of the ground state Λ and Σ 0 , it also may serve as a hunting ground for high-mass non-strange resonances that may couple to it. The calculation was evaluated at tree-level, with single-channel Born and resonance contributions using empirically obtained couplings. A set of four high mass ∆ and N * resonances was found to contribute to the total cross section for the reaction in the threshold region. However, only a preliminary CLAS total cross section result [8] was available to fit, and the resonances played a secondary role in matching the data. The contact interaction used to preserve gauge invariance was dominant. Thus, the present paper that shows differential cross sections as well as the integrated total cross section should help clarify the theoretical modeling of this reaction, including any resonant content.
The photoproduction cross section of the Λ(1520) has been studied theoretically by Nam et al. [15] . In an effective Lagrangian approach, using Born terms and a Rarita-Schwinger formalism for inclusion of the spin-3/2 Λ(1520), they tested various model assumptions against scant previous data [12] for the total cross section and the t-dependence at E γ = 3.8 GeV. They found that the total cross section near threshold was mainly determined by the contact interaction included in order to preserve gauge invariance in the presence of hadronic form factors. They found only minor sensitivity, for photon energies below 3 GeV, to the anomalous magnetic moment of the hyperon, κ Λ * , and the coupling constant g K * N Λ * . No N * (s-channel) resonances were found to be necessary to qualitatively reproduce the cross sections. In a subsequent paper [16] the effect of Reggeizing the t−channel exchanges was studied. At CLAS energies (i.e. for E γ < 3.7 GeV) this effect was found to be negligible.
In another effective Lagrangian approach model for the Λ(1520) cross section, He and Chen studied systematically the inclusion or exclusion of several highermass Constituent Quark Model (CQM) nucleon resonances [19] . Their approach was to fit the differential cross sections from LEPS and also the higher energy tdependence from SLAC. They concluded that the contact term is the dominant contribution to the cross section at all energies. Also, both K and K * exchanges play a significant role, though the K * only at the higher SLAC energies. They found significant resonance contribution only from the two-star N (2080)D 13 , and a possible hint that a CQM D 15 resonance at nearly the same mass could be needed. We note in passing that the N (2080)D 13 is a state that is important in photoproduction of the ground-state Λ(1116) [25] . (Also note that the most recent Particle Data Group (PDG) [26] evaluation of the N * 3/2 − D 13 partial wave splits this state into two: one at 1875 MeV and one at 2120 MeV.) Their affirmative conclusion about the need for these resonances is in disagreement with the previous work by Nam et al. cited in Ref. [14] , and their quantitative agreement with the Λ(1520) differential cross section and with the beam asymmetry were not good. We can expect that the more complete angular distributions presented below will be useful in refining these models.
The photoproduction cross section of the Λ(1405) has been studied theoretically by Nam et al. [27] within the framework of the same model as discussed above for the Λ(1520). Within their effective Lagrangian approach there is a mass cutoff in the electromagnetic form factor for the γΛ * Λ * vertex. By varying this cutoff they hoped to be sensitive to a size effect related to the spatial structure of the Λ(1405). However, this u-channel effect turned out to be too small in relation to other theoretical ambiguities to give useful sensitivity. They used chiral unitary model results to estimate g KN Λ * , but left g K * N Λ * as a free parameter. By comparing to the very limited experimental data [24] , they concluded that the Λ(1405) is produced dominantly by the s-channel Born contribution, without resonant intermediate states, and not by meson exchange in the t-channel. In an older model, by Williams, Ji and Cotanch [28] , emphasis was placed on constraints from crossing symmetry and duality, but gauge invariance was not enforced. The K * exchange diagram was omitted, and the Λ(1405) appeared via resonance in the u-channel. After satisfactory fits were made to photoproduction data for the ground state Λ and Σ 0 , a prediction for the threshold cross section of the Λ(1405) was made. These two model cross sections will be compared with our results later in Sec. IV C.
Photoproduction of the Λ(1405) has also been studied by Nacher et al. [29] in the context of examining the Σπ line shapes. The study used an energy-and angle-independent Weinberg-Tomozawa contact interaction, implying a featureless differential cross section. So while that study was crucial to our previous work in Ref. [30] , it is not relevant for the current work of examining the cross sections.
III. EXPERIMENTAL SETUP AND DATA ANALYSIS
The data for this experiment were obtained with the CLAS detector, located in Hall B at the Thomas Jefferson National Accelerator Facility, during May and June of 2004. The run, known as g11a, used a 40-cm unpolarized liquid hydrogen target and an incoming unpolarized real photon beam. Bremsstrahlung photons were created via the CEBAF accelerator electron beam and a thin gold foil radiator, with an endpoint energy of 4.019 GeV. Electrons that radiated a photon were detected with the CLAS tagger [31] to obtain energy and timing information over the range from 20% to 95% of the endpoint energy. Discussion of the CLAS apparatus can be found in Ref. [32] . All aspects of the data collection and initial data handling were discussed in our previous paper [30] that focused on the invariant mass distributions or "line shapes" of the Λ(1405). The same analysis extracted the cross sections presented here. Here we review and discuss the important steps related to obtaining the cross sections.
The exclusive channels were reconstruction from the detected K + and all but one of the hyperon decay products. A one-constraint kinematic fit to the missing particle was used to select each of the channels; for the decays Λ(1405)/Λ(1520) → Σ 0 π 0 both a photon and a π 0 were missing, so a simpler missing-mass selection was used instead. The hyperon yields for a given decay channel were obtained in each photon energy and kaon angle bin using an incoherent fit of MC simulations of signal and background channels. The energy bins in center-of-mass energy W were 100 MeV wide. The angle bins in the kaon angle cos θ c.m.
K + were again in the center-of-mass system. In all cases, the fits to each energy and angle bin were treated independently. We next give some examples to illustrate this process.
For photoproduction of the Σ 0 (1385), the cross section was reconstructed from the dominant decay mode to Λπ 0 (B.R. 87.0%), where a kinematic fit to the undetected π 0 was used to optimize the measurements of the energy and momentum of the detected particles. Figure 1 shows two typical sample bins in center-of-mass energy bins that are 100 MeV wide and span a range of 0.1 in cos θ c.m.
1385) signal reaction was done to create realistic templates which could be fitted to the data. Similarly, the dominant K * + Λ background channel was simulated. As discussed in our previous paper [30] , the line shape function for the Σ 0 (1385) was most realistically modeled using a non-relativistic BreitWigner form. This fit the data best in all energy and angle bins. The Σ 0 (1385) yield was taken to be the integrated fitted counts in the template line shape.
In some bins in W there was kinematic overlap of the signal hyperon and the background K * + Λ events. Tests showed that there was no discernible coherent interference between the signal and background channels. That is, the cross section results did not change even when a drastic (±1Γ or ∼ 100 MeV) cut was made to reject events in the kinematic overlap region that contained most of the K * + Λ events.
B. Yields for Λ(1405) and Λ(1520)
For photoproduction of the Λ(1405) and the Λ(1520), the cross sections were determined using the Σπ decay mode (B.R 100% and 42%, respectively). How this was done is illustrated in Fig. 2 . Again, MC simulations were used to realistically model the distribution of events from each of the signal reactions. In the case of the Λ(1520) the template shape was a relativistic Breit-Wigner using PDG parameters and processed through the CLAS simulation. The Λ(1405) line shape was determined using an iterated MC method since it did not conform to a simple Breit-Wigner shape. The figure shows the initial and the final iteration of the sample fit. The final iteration matches the data much better in the Λ(1405) region. The fit also included three background processes. The first was photoproduction of K + Σ 0 (1385), which has a known small branching fraction to Σπ. Its strength therefore was not allowed to float in the fit, since the dominant Λπ 0 decay mode determines its size in the Σπ decay modes, after being corrected by the ratio of known branching fractions and acceptance in each channel. The second backgrounds were the K * 0 Σ + channels that appeared as a broad distribution in the example shown. Finally there was photoproduction of a higher-mass Y * centered around 1670 MeV/c 2 , which was modeled with a simple Breit-Wigner line shape and not with the full MC simulation, as can be discerned from the smooth curve in Λ(1405) and Λ(1520) is that the particle yields for the former depended significantly on the final charge state (
, while those for the latter did not, as will be seen later. When integrating over all production angles cos θ c.m.
K + , the mass distribution or "line shapes" in the charged decay modes of the Λ(1405) differed, as detailed in Ref. [30] . In contrast, for this paper we take the summed yields across each Σπ mass distribution and present the differential cross sections as a function of production angle.
Tests were carried out to verify that the K * 0 Σ + background did not cause changes in the cross section or the line shapes of the hyperons. Indeed, no interference effects were seen in the photoproduction line shapes [30] or in the extracted differential cross sections, so that the incoherent sum used here was justified.
C. Acceptance and normalization
A large number of MC events were processed using the GEANT-based standard CLAS simulation package GSIM. The event generator used a bremsstrahlung photon energy distribution. The kaon production angle distributions were taken to have an empirical t-slope matching the one for ground state K + Λ photoproduction [33] . All (quasi-) two-body decays were taken to be isotropic in their own rest frames. The generated events were passed through the detector simulation, and particle momenta were smeared to match the actual data. In an earlier detailed analysis of the g11a data set [34] , it was found that the trigger conditions for this run were not ideally simulated, so a momentum-dependent ad hoc trigger efficiency correction of ∼ 5% was applied. After all corrections were made, the simulated events were passed through the same analysis procedures as the actual data. A further small correction was applied for events with a Λ in the strong final state that compensated for decays that occurred outside the CLAS time-of-flight Start Counter, as described in Ref. [30] . The photon flux in each energy bin was determined so that the differential cross sections could be computed. This was done using the CLAS-standard method based on counting out-of-time electrons in the photon tagger within well-defined time windows. Also, a correction was made for the measured 70% transmission of photons from the tagger, through collimators, to the physics target. Other corrections were made to handle photon tagger counters not in the primary trigger, and for the overall measured ∼85% DAQ live-time for this data set. Thus, the cross sections reported here are absolutely normalized. As mentioned previously, other published CLAS data sets used the same normalization procedures and have the same level of normalization uncertainty.
D. Systematic uncertainties
There were overall or global systematic uncertainties from the yield extraction and acceptance, flux normalization, and the line shape fitting procedures. These are discussed in Ref. [30] and at more length in Ref. [35] . For the final systematic uncertainty, the most typical global uncertainties were added in quadrature to yield a final value of 11.6%. A summary of each uncertainty is shown in Table I . The largest single contribution was from the overall flux normalization. This was monitored on an hour-by-hour basis by measuring the ω production yield [36] , and the uncertainty for the normalization was determined to be 7.3%.
IV. RESULTS

A. Results for
The Σ 0 (1385) differential cross section was determined through its dominant decay mode to Λπ 0 , as discussed above, and corrected by the PDG branching fraction of 87% to arrive at the final results. The differential cross sections in 100-MeV-wide bins of W are shown in Fig. 3 as a function of center-of-mass kaon angles. They are forward peaked with a fairly smooth fall-off as a function of angle, but also with a moderate rise in the backward direction at higher energies. These are the hallmarks of t-channel dominated meson exchange in the production mechanism, with a hint of u-channel baryon exchange to account for the back-angle rise. The red curves shown are the calculation of Oh [37] based on the model of Ref. [10] . In general, the calculation matches the data extremely well at the higher energies, but undershoots the mid-angles at center-of-mass energies between 2.25 and 2.55 GeV. This may suggest that for Σ 0 (1385) photoproduction, besides the dominant t-channel exchange mechanism, there may be some resonant contribution.
The model of Ref. [10] is essentially a prediction based only on a preliminary total cross section measurement. In that model, several N * resonances with one-and two-star ratings were included to produce the "peak" in the cross section near E γ = 2.0 GeV. Our new differential cross section results should allow refinement of these estimates.
The only other data available are two data points from the LEPS Collaboration [24] at SPring-8, shown as green hollow circles at forward angles in the four lowest W bins. These two points are plotted twice each since they were obtained in wide energy bins of 1.5n < E γ < 2.0 GeV and 2.0 < E γ < 2.4 GeV. The LEPS data were taken at more forward angles than our measurements, and while the lower energy data is in fair agreement with our measurements, the higher energy point seems to be somewhat higher than expected from extrapolation of our results. Figure 4 shows the differential cross section in just one bin of W . The acceptance of CLAS is such that there are holes in the forward and the backward directions. In order to estimate the total cross section an extrapolation into these regions was necessary. In the absence of a trusted theoretical model for this purpose, we averaged an array of plausible functions. The multiple lines in this figure show the ad hoc fits that were performed for this purpose. These were made in a purely empirical way in order to estimate how much variation can reasonably exist, subject to the constraint that the fits remained positive-definite and that the extrapolations were not unreasonably wild. Fig. 1 ) uncertainties. The green hollow points are from LEPS [24] . The solid red lines are the model prediction of Ref. [10] .
complex coefficients c l given in the form of
with the maximum order L being either 2 or 3.
2. the f (z) from Eq. (1) with an additive exponential of the form Ce −Dz to account for the forward rise. In this case the maximum order used for the Legendre polynomials was L = 1, 2, 3.
3. the form of Eq. (1), with a multiplicative overall exponential function Ce −Dz , with L = 1, 2, 3.
4. two exponentials C 1 e −D1z and C 2 e +D2z added to the form of Eq. (1), to take into account both the forward and the backward rises. The order used was L = 2.
Each of these fits was integrated to determine the span of variation that the total cross section could have. Figure 5 illustrates how this method of estimating the total cross section varied depending on the choice of fit function. We ascribe no physical interpretation to any of the fit func-tions; they merely allowed us to estimate the total cross sections. We computed the weighted average of all the individual points at a given W and assigned that value as the total cross section, and used the standard deviation of those points as the estimate of the uncertainty on the total cross sections. The final total cross section result for γp → K + Σ 0 (1385) is shown in Fig. 6 . The small blue points are the summed data across the production angles accessible in CLAS, while the large red points are the result of the extrapolations to all angles. For comparison, we see good agreement between these results and the much coarser, early bubble chamber data of Refs. [5] [6] [7] . The solid black curve is due to the calculation of Oh [37] , and again there is very good agreement at the higher energies, but there is some disagreement in the region of 2.0 ≤ E γ ≤ 2.5 GeV. The small blue points are the summed contribution from the measured range of angles in CLAS. The large red points are the extrapolated total cross sections using the method discussed in the text. The four dark brown square data points with cross-like error bars are bubble chamber data from Refs. [5] [6] [7] . The solid black curve shows the model of Ref. [10] .
B. Results for Λ(1520)
As discussed in Sec. III B, the Λ(1520) yields were obtained using template fits in each energy and angle bin. All charge combinations, Σ + π − , Σ − π + , and Σ 0 π 0 were examined. For the Σ + decays, the two modes pπ 0 and nπ + could be compared for consistency. Figure 7 shows this comparison in a typical W bin. The two channels show good consistency. The lower gray band shows the angle-by-angle systematic discrepancy, computed as the difference between the measured final states with the summed statistical uncertainties subtracted in quadrature. This quantity is plotted when the difference between the data points is larger than the sum of the two error bars. Note that the vertical scale is logarithmic. The following results use the weighted average of the two Σ + final state measurements.
Each of the three Σπ decay modes was reconstructed in the analysis, so next we compare these three modes for the Λ(1520). This is shown in Fig. 8 for two typical bins in W . The agreement among the three decay modes is fair to good across the range of center-of-mass kaon production angles. In principle these should all be identical in the absence of interference among different isospin contributions to the reaction mechanism. This was true for the Λ(1520), but as shown later, not for the Λ(1405), where strong differences are seen depending on the Σπ channel. It was assumed, for the Λ(1520) therefore, that each decay mode contributes 1/3 to the total decays to Σπ, and the measurements scaled accordingly and averaged in each bin over the measured channels. The overall branching fraction of 42% for Λ(1520) → Σπ was applied to obtain the final values of the differential cross section for the Λ(1520).
The resultant differential cross section for the Λ(1520) c.m. in a single typical W bin is shown in Fig. 9 . As in Fig. 4 , one sees that the CLAS acceptance did not extend to the extreme forward and backward kaon production angles, due to the openings in the spectrometer in those directions. We fitted a series of functions in the same manner as done previously for the Σ 0 (1385) discussed in Section IV A. We took the weighted average of all these variants and their standard deviation as the best estimated uncertainty for the total cross section. The final differential cross sections for the Λ(1520) in all bins of W are shown in Fig. 10 . Near threshold the CLAS cross section is fairly flat. Due to the Λ(1520) threshold at 2.013 GeV, the lowest W bin was normalized using the uniform integrated photon flux between 2.020 GeV and 2.050 GeV, a 30 MeV wide region. The other bins are 100 MeV wide. There is an additional estimated ±36% systematic scale uncertainty in this W bin due to the finite width of the hyperon, acceptance, and threshold effects. In the highest energy bin the cross section is quite forward peaked with a hint of plateauing toward the most forward angles. Also evident is that the cross section flattens or even rises slightly toward large angles. These are the qualitative hallmarks of t-channel dominance with at least two poles/trajectories at low −t and possible s− or u-channel baryon exchange at large angles.
For comparison with the CLAS results, the data from LEPS are shown. Ref. [13] measured the differential cross section in several final states using various methods that were presented as equivalently accurate. These points are shown as open squares in Fig. 10 . In the threshold region, Ref. [14] measured the rapidly-rising differential cross section with finer energy binning than our present results. Points that overlap with our bins are shown as the open circles in Fig. 10 . Agreement between CLAS and LEPS is good or very good across all overlapping bins.
The red solid curves are the model of Nam et al. [16] computed for the present kinematics [38] . No Regge contributions were included, and no K * exchange in the t channel. Also, the Λ(1520) anomalous magnetic moment was set to zero, implying no u-channel exchanges. This leaves the dominant contact term interaction as well as small contributions from t and s channel Born terms. Note that this model was developed to match the scant higher energy data from Ref. [12] . This is seen in Fig. 11 , where the red solid curve comes closest to the Ref. [12] data set but is significantly higher than the new CLAS results. This model overestimates the cross section and lacks sufficient strength at large angles. The black dashed curves in Fig. 10 show the model prediction of He and Chen [19] computed for the present kinematics [39] . Evidently this model is a closer match to the new data, but the comparison is not perfect. It captures the slight rise at backward angles and is mostly closer in magnitude to the data. It also tends to follow the flattening of the total cross section at forward angles. This model includes K * exchange, and although this is more important at higher energies, it may help reproduce the forward-angle behavior we see. This model also includes the s-channel N (2080)D 13 resonance that was quite significant when matching the data of Kohri et al. from LEPS [14] . (See also the earlier work in Ref. [40] .) This resonance is also responsible for the fairly narrow peak in the total cross section near 2 GeV shown in Fig. 11 . We can conclude that this model, using several additional interaction elements compared to Nam et al. [16] , is able to come closer to reproducing the present differential and total cross section data for the Λ(1520). Figure 11 shows the total photoproduction cross section for the Λ(1520). The recent SAPHIR data [20] is in rather strong disagreement with the data from SLAC/LAMP2 [12] . The new CLAS results lie almost exactly between these two measurements. The small blue data points show the CLAS data summed over the useful acceptance of the detector, and the larger solid red points show the extrapolated total cross section. The model curves correspond to those of Fig. 10 .
C. Results for Λ(1405)
The case of the Λ(1405) is somewhat different from the others because each of the Σπ charged final states yields a different cross section. In our previous paper [30] this was traced to the fact that there is considerable interference of an I = 1 J P = 1/2 − amplitude with the I = 0 J P = 1/2 − amplitude that, by definition, represents the Λ(1405). In Refs. [30] and [41] , isospin decompositions were done in an attempt to separate those amplitudes as a function of the Σπ mass and of W . In those articles the data were integrated over all kaon production angles, but in the present situation we wish to extract the cross section as a function of kaon production angle while integrating over the Σπ mass distributions. Unfortunately, with the statistics available in this measurement it was not possible to do the isospin decomposition in each energy and angle bin separately. Instead, we present the results when integrating the Σπ mass range from threshold up to 1.5 GeV. Thus, we say that this experiment has measured the cross section in the "region" of the Λ(1405), without explicit separation of the isospin amplitudes.
As in Sec. IV B for the case of the Λ(1520), there were two decay modes for reconstructing the Σ + . A sample comparison of these two modes is shown in Fig. 12 . The agreement between the decay modes was usually good to very good. In each case, the yield of what we nominally call the Λ(1405) was taken from the line shape templates in the relevant mass range discussed in Sec. III B. The gray systematic error band is the difference between the measured values with the summed point-to-point uncertainties subtracted off in quadrature. These two measurements were then averaged together to give the cross section in the Σ + π − decay mode. Comparison of the Σ ± π ∓ and Σ 0 π 0 decay modes of the Λ(1405) mass region is shown in Figs. 13 and 14 for all bins in W . In the lower W bins there are very significant differences between the measured cross sections. Below about W = 2.3 GeV there is clearly some additional dynamics present causing the charge states to have quite different cross sections. We interpret this as being due to the interference of I = 0 and I = 1 amplitudes in the production mechanism in the Λ(1405) mass range. The steep drop in the Σ 0 π 0 cross section at large angles for the lower W bins was checked and found to be correct in this analysis. Toward the higher end of the W range the three cross sections tend to merge together into a characteristic forward peak, indicating t-channel dominance in the reaction mechanism.
At present there is no model calculation available that can explain this interference effect. Due to the lower c.m. momenta at lower W , one may speculate that the electromagnetic and hadronic interactions have more time to develop at lower W , hence showing more interference effects. Below W = 2.3 GeV the mean Λ(1405) decay distance is less than the incoming photon wavelength.
To combine these three channels into one effective cross section for the Λ(1405) mass region, we simply added the three components together. In Ref. [30] it was shown that if t 0 is the amplitude for the I = 0 production and if t 1 is the amplitude for the I = 1 mechanism that interferes with it, then the sum of the three decay modes is proportional to |t 0 | 2 + |t 1 | 2 , with cancellation of the interference cross terms.
The resulting summed differential cross sections for the Λ(1405) mass range are shown in Fig. 15 . The overall trends are quite similar to the other two hyperons. We will make a direct comparison later. The Σ 0 π 0 cross section was not measured in the forward-most angle bin for W = 2.00 GeV, as seen in Fig. 13 . The summation used the neighboring value for this datum, with an error bar enlarged to the size of the difference between the two neigboring points.
The only data comparison available is the LEPS Collaboration result by Niiyama et al. [24] [13] . The hollow circular points show separate LEPS results [14] ; in the lowest W bin they are for W = 2.01 GeV (red), 2.03 GeV (blue), and 2.05 GeV (green). The lowest W bin is 30 MeV wide, while the others are all 100 MeV wide. The black dashed curve is the model calculation by He et al. [19] , while the red solid curve is the model calculation by Nam et al. [16] . Note that the first bin in W is 30 MeV wide while the others are 100 MeV wide. their energy bins were quite wide compared to ours. The claim made in that paper was that the ratio of Λ(1405) to Σ 0 (1385) drops from 0.54 ± 0.17 to 0.084 ± 0.076 between their two energy bins. The CLAS results do not support the LEPS observation. For W between 2.15 and 2.35 GeV the CLAS cross sections are about a factor of six larger than those of the previous experiment.
A recent prediction for the Λ(1405) photoproduction cross section due to Nam et al. [27] is plotted in Fig. 15 .
In their effective Lagrangian model the s-channel Born term is dominant. There is interference with K * exchange, and the three curves stem from letting g K * N Λ * take the values 0 (solid red), +3.18 (dotted red), or −3.18 (dashed red). Evidently, this model omits a very significant t-channel-like piece of the reaction mechanism. Also in Fig. 15 , in the bin centered at W = 2.0 GeV, we show in dashed magenta the flat curve from Williams, Ji, and Cotanch [28] ; this was their prediction based on crossing- [19] and the solid red curve is a calculation by Nam et al. [16] . The green hollow squares are measurements by SAPHIR [20] , and the green hollow circles are measurements from SLAC/LAMP2 [12] .
c.m. symmetry and duality constraints using no intermediate N * resonances, and using their lowest estimate for the KN Λ(1405) coupling constant. Evidently this prediction of the cross section was too large by at least a factor of two.
Ref [30] presents the Σπ mass distributions ("line shapes") of the Λ(1405) region. It was not possible to do a kinematic fit in the Σ 0 π 0 analysis to achieve background rejection as good as for the Σ ± π ∓ channels. Some cos θ c.m. K + angle-integrated line shape fits had considerable possibly-incoherent background due to particle misidentification, higher mass hyperons, or other sources. (See Figs. 20, 21 , and 22 in Ref [30] .) For the present differential cross section analysis, this background could not be measured separately in each angle bin because of statistical limitations. In Ref [30] the model assumed a linear background from threshold up to 1.6 GeV, but in fact we do not have definite knowledge of the background that may have escaped our simulations near 1.6 GeV, nor its shape under the Λ(1405). How this background is distributed in angle also cannot be determined accurately from our measurements. Only an experiment with even better Σ 0 π 0 identification will be able to clarify this point. In this article we do not subtract any estimated background from the Λ(1405) cross sections. Figure 16 shows the total cross section. The small black data points show the CLAS data summed over the useful acceptance of the detector, and the larger solid red points again show the extrapolated total cross section. The curves correspond to calculations of Nam et al. [38] . Clearly, the calculations do not match the overall scale of the cross sections, nor the dominant forward peaking behavior. Figure 17 shows the differential cross sections for the Σ 0 (1385), Λ(1520), and the Λ(1405) region on a single plot. It is evident that the overall behavior of the three hyperons is quite similar. Near threshold the respective phase space volumes differ and the magnitudes differ greatly. But away from threshold, each of them falls with increasing kaon production angle and then rises again in the backward hemisphere. The Λ(1405) region, despite its peculiar charge-dependent line shapes, has a qualitatively similar differential cross section behavior as the Σ 0 (1385) and Λ(1520). The total cross sections for all three hyperons are shown together in Fig. 18 . The fall-offs after the initial rise of the cross sections are similar for the Σ 0 (1385) and the Λ(1520), and slightly slower for the Λ(1405). The Λ(1405) is photoproduced with about half the strength of its isospin partner Λ(1520), while the Σ 0 (1385) lies in between. Recall, however, that the branching fraction of the Λ(1520) to Σπ is 42%, since it lies above the NK threshold, while the below-threshold Λ(1405) decays 100% to Σπ. One can therefore say that the Λ(1405) and the Λ(1520) have close to equal strength for decaying to these final states. We plot for comparison the total photoproduction cross sections of the ground state Λ and Σ 0 [33] . Above about 2.1 GeV, we see that cross sections for the excited hyperons differ from those of the ground state hyperons by factors of less than two to three. while the other two were measured through all three Σπ decay combinations. They are all of similar size and angular dependence, and summarized in Figs. 17 and 18 . However, the Λ(1405) region is qualitatively different because the angular dependencies of the three charge combinations are quite different, as shown in Fig. 13 . This is naturally explained if one allows strong isospin interference in the production of the Σπ final state in the Λ(1405) mass region. This is of particular interest to chiral unitary models that describe the Λ(1405) in terms of a two-pole I = 0 structure (for a recent review, see Ref. [42] ). The strong angular and energy dependence of the production is a challenge to models that so far use only a Weinberg-Tomozawa-type contact interaction to generate the Λ(1405). If it is the case that significant I = 1 strength is present in the Λ(1405) production mechanism, it will be more difficult to develop a complete theory of its creation, at least in photoproduction.
D. Comparison of results
Existing model calculations compared to the present results are moderately successful at reproducing the differential cross sections of the Σ 0 (1385) and Λ(1520). The models were all effective Lagrangian calculations with semi-empirical fits of coupling constants to match the very sparse previous data. These new data will, however, allow these and other models to be refined in the future. In particular, the role of K * and N * contributions to the reaction mechanisms may now be more closely studied. Much more work is needed to model the Λ(1405).
In the future it would be helpful to get much higher statistics for photoproduction of the Λ(1405) to make it possible to do an isospin analysis in each energy and angle bin separately. This is necessary to unravel the nature of this state in more detail. Nevertheless, the present study has provided the first comprehensive look at the group of low-lying excited hyperons in photoproduction. Theoretical understanding of their production and internal structure should be improved as a result. . The CLAS data (solid blue points) have been summed over the three Σπ decay modes. The error bars combine statistical and systematic fitting uncertainties. The forward-most datum in the lowest W bin used an estimated value for the Σ 0 π 0 cross section. The green hollow circle points are from Ref. [24] . The red curves are from Ref. [38] , based on the model of Ref. [27] discussed in the text, while the flat dashed magenta line in the W = 2.0 GeV panel is the prediction from Ref. [28] . K + . The quoted uncertainties are the statistical errors resulting from the yield fitting, acceptance calculation, photon normalization, and the extrapolation to full acceptance. Systematic uncertainties were discussed in the main text. A zero value for a cross section means no data point was extracted at that energy. Electronic tabulations of the results are available from several archival sources: Refs. [43] , [44] , [45] . K + are the differential cross sections for the Σ 0 (1385), Λ(1520), and Λ(1405), respectively, while the columns marked "±" are the associated total point-to-point uncertainties. The cross section units are in µb. 
